Demonstration of an extracellular ATP-binding site in NCAM: functional implications of nucleotide binding.
A minor fraction of the total ecto-type (E-type) ATPase activity of rat synaptosomes has been detected in immunoprecipitates of the neural cell adhesion molecule, NCAM, indicating that this either is an intrinsic enzymatic activity of NCAM or of an ATPase tightly associated to NCAM [Dzhandzhugazyan & Bock (1993) FEBS Lett. 336, 279-283]. We here demonstrate ATPase activity in preparations of the lipid-anchored as well as the transmembrane NCAM isoforms immunoisolated from transfected L-cells. A fraction of the E-type ATPase activity is spontaneously released from synaptosomes. Released material was fractionated by various chromatographic procedures and an extracellular fragment of NCAM was shown to co-elute with the major part of the enzymatic activity. Furthermore, it was shown that agarose-coupled NCAM-antibodies retained 85% of the ATPase activity released from synaptosomes after treatment with phosphatidylinositol-specific phospholipase C. These findings restricted the association or expression of the enzymatic activity to the extracellular part of NCAM. An affinity reagent, 5'-p-fluorosulfonylbenzoyl adenosine, FSBA, was shown to inhibit ATPase activity of immunoisolated NCAM, and incorporation of FSBA was detected in all three major NCAM isoforms (A, B, and C). An excess of ATP prevented both inactivation of the enzyme and affinity labeling of NCAM. Thus, NCAM contains an ATP-binding site, and this site is localized extracellularly and probably has the catalytic function. Binding of the substrate or FSBA protected a proteolytic cleavage site in NCAM localized close to the membrane presumably by induction of a local conformational change in NCAM, indicating a mechanism by which ATP may regulate NCAM adhesion and adhesion-triggered processes. A possible role of this mechanism in synaptic plasticity and memory consolidation is proposed.